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(57) Abstract: 



PURPOSE: A surface treatment method in a 
chemical-mechanical polishing(CMP) process of a 
sapphire wafer is provided to effectively prevent 
crystals from being damaged by surface residual 
stress, by re-crystallizing or etching away surface 
cracks through an etch process performed regarding 
the surface of the sapphire wafer after a CMP 
process is performed. 




CONSTITUTION: A CMP process is performed 
regarding the sapphire substrate. A dislocation 

formation layer and a dislocation progress layer which are a portion of which the surface is damaged by 
mechanical polishing, are annealed and recombined. A surface crystallite layer is dry-etched while 
annealed in an atmosphere of hydrogen and ammonia. Otherwise, a wet etch process is performed in a 
sulfuric acid solution and a phosphoric acid solution to eliminate a surface crystallite state so that good- 
quality crystallinity is guaranteed. 
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3 c£ tJ 



^ AhUhOICH 3I0IIHS1 1 31^ i*i»§90l!AJSJ 3£xHd| gg^BOII 3» ?£°^M 481. AW0I01 ei^^S HEh 2*DhofOJ 

31 & 321 ai^Oil Afgofb H«|-^|^|^oj giiSSi ^Aim^QI 2101 H£ ^XHEIU 5£^XH£ie°j S£xHdl §§I 

30^££JW SHOIffl fi^2] S&8 £|££f8rb 3g ^S2^ »D|, ^X-iElb 2^ S§0il/d D^o\0\ ttfldlfe: I^iiS *0II 4= 

seo. 

OI&OilAiSI HOI ^ SSS, ^^g^Oil SJoH 0PIS! MILfOIOi 3I0IIH ^§HS°I D^OIB^ H^g 2j»2|2S »|3f8KH IS 

CHHE 
£6 

AHLhOIOi ?II0|IH£| 1 31^ £r^S30ll/H2] H £ xH £1 S§SS{Surface treatment method in chemical-mechanical polishing process 

of sapphire wafer} 

£ 18 AUtfOICH M£|& g§0( SISi AFM A>£!£. 

£ 2b 20^9 MUfOIOi SHOIffl S££| 0*0IHS3^£| 3H^ k £. 
£ 38 396I9S ^ H8 ^xH£l^2J BE£. 
£ 4b AHU0ICH ?I10|IH Hi XRDSJ^ ±3iSB£. 

£ 5b fi02| Dl^^S^JXf^l- EXHSI-fe 3^21 3^01 gife 01^^12] H^^<y°J ?H^f£. 
£ 68 AHlfOIOi SII0IIH C(0006)^£J 53 XH El Oil mm DCXD ^^£. 
£ 78 ^SSI^SJ ^Xl^Hf 5£2f2J ^^E. 
£ 88 AHU0ICH 3I0IIH OUSXHBI^SI AFM Af5!SE. 

£ 9b A^VOIOIMOIIHSf GaN ^S|^2| 31IE01IA.2I [1120] §CH^^^ g&ofb SJ^^XfS A|-£!£. 

£ 108 AH&OI-OPiea QaNi*Bj ^ISAhOISJ 2H^@ 3972011 CH» TEM A r 5!£. 
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<£E^fi ¥^0j| mm ¥s2| gs> 

1. fi£ ^SilS (crystallite) 2. 52 O^ SS(poly-crystal) 

3. S3 a*iN Enucleation layer) 4. 3£h olEi(3 zone heater) 

5. 6. ^lEKsapphire wafer) 

7. ^1SM§ 8. £CH 

9. 4>±/&£U0^± 10. aSdH^ISH 



i*S2| &AIIB *iS 
g^g2j 

S AHU-OIOi 9H0IIH2] §}% y -3\J\m £*^g3 0||Ai2| SSxHEl g^^SOII 2*B 3*£.^M mo\, &SB AmhOICH eiH^M g& 2 0^6fO1 

}|& See £?I0II ^£|5>r^M Argots S^-OI^S! ^' At ohfeGII 91 0\ H ^ gxHBIU SS#x|£l§2J £Ex-j£| 5§i 

^»2SM| 9H0IIU HS2] gSB S±S*8fe ^S2S orffl 20r M^ v ggSJ ^^e^Oil 2|oH 0^l@ Aj-HJ-OICH 3I0IIH 1§S 

ssi otoias B^m aasjes xn^sfoi ^s^m a^Ai^ife mwo\o\ shoiihsi sexh^i es^aoii sb 301a. 

fflOIBI slicingOi!^ O0|0i = £ ^ifi^i S^B 214^ BB3I. Ui^£ iB^L ^Eii Afgo^U £^ SiC ±S8«0IU O0|CHS£ 8 

as a>§b ^^«h^ % stoiotsoii as shsb&bsoi Atsso. m&m siioiihsi ^mmztu 19 exf^ mm m^o\d\ z\mM ^aeHS 
a eta. ±B8g^Aib ahikmoiso §£^f sic, B4c, wc, tic. ctoioi^EeM Mmm 4= 9ix\o_y i'^2^ ? a a a 01 cnea^ 

SiC B4C3I- At§SO. 

0I2HB ^l^l^ei 2DrS§o^ 9JB SOI XI ^llOlffl SS2J £ff §^0| S§o[2 01 All Sh Dr0|3^ 3^01 SO. 

WtEkM. 21311321 ^sa^g oigH ojIOIIH SS^Oil B£»|9W0I gSii CQiOll 39723} ¥IB£i:n SJ£ SflttSE (dislocation density 

)2| ^Si OPIoMI SO. 

*S0| 01 = 11X1- ori= 3|^2§i 51^1 

b 6PiB eeHHi :>i£3PJ s»ib aee 32s, 8 a ^°i mwo\o\ siioiihsi sw-^iaisi ssissoii/hsi ^ *h §j 

Si S3xH£.|2] sj^gg £2!g 5H^&°SMi §£JI2j A}E r 0|0| 3I0IIH2J S^-OMI^S! aOKCMP)SS0l| M OPI£j^ 9II0IIH S°j2| 3§42| 
X-ioh^ 2IB GaN«W ££r01IAi2J 2^SJ£2i g^B »XI«K)| ¥4>B GaN »£»S AHUOICH ?j|0lffl£i XII S <i!SJ^g ^Sofb AUttOIW 911 

OlSi^ 2iCH, ^ Oil Q>g ?||0IIH S^xHdlSgo^^ 20Fg§ 2^21 ^XH£I5§ % 30>S§!^2| ci^£IS§e 4=^ 

Srcw. He OrOia^B^e Jtt^gmmn ^^^^^ a.2| xh^so^mi, m GaN ^saioii ^enoi o\o\m GaN oiim^°i 

£^A|0|| A^ErOIOi/GaN 5JSs He! 4- ^§^01 AhEfOICH ^lOlfflg flmtt 4- H^xHfil 5§§ ^ 

§^ BO. 

S ^S2| WBSie ^ A| Otl S S¥ £2011 2|^6K)1 ^Allol ^§5^1^ BO. 01 §! MSSje ^A|0j|g SoH S ^S2| =S §J M 

O B 0I8HB 4- SO. 0|». S¥B £21 ^SoKW 8 ttSOII 218 MUfOICH 9II0IIH£| mm-J\Hm ^^5§0i|A]°J S2xi£l 5§^S 

2i utBsie* ^'AiojiM ^ aii si aas^is bo. 

£ 1b AHIfOiOi Mdl^ 5§0| S22J a XfZ}^ B 01 ^(atomic force microscope: AFM) A r £!£M OEft«0. D\W 20fSSe 4^^o r 01 

#£|£J£JOi£! AM00ICH ^ie^ S20II ^Or Sfe &#e^(residual stress)0|J 2|B fiea»(surface default)0l SJHS^I SO. £ 20||A1x-Jg 
Saiaawa ^IO|IH2j S201l SSOapping scratch)OIU 0r0|3S 3 ^(micro-crack) SI S?i(dislocation)^r ^SoMI §1 S8Sf 4= 
^O. 

£ 28 20rS AfErOIOi 911 01 IN SS2J Df0|BSB^2| 9H^s k £M UOtilO.H20ll CHB MW0\0\ 9li0iIH2| ^§2] 0^013^ 3^01 E 

naa mi^» 4= &o. oiaiib ^§ aas 0.1-1 oias ¥^12] diaiib ^s^xh ^EH2i ^§^j(crystaiiite)2i g^^(i)a m&otn a 
^aoi dunaj a a^ie s^fe om%mm(2)i* n 2.^9^21 a^i §^§(3)°s ^Msoi&o. oibhb sa ^^s^ cub chb 

S S3 a£H£IS§s 4^^or01 S9lg^§i Xll^oFOI ^§H20I XHaS(recombination)o^^ 01 ^(relaxation) Al 3\ 7t EIW. SEB 
e 21^ £fe ^2|g§g eoH 3£2J 4= 2iO. 

£ 38 3B6I9^ S 2S aXHEISSj BH.E0IO. 3B olEH{4)^ a^ SI98 B£S ^XIoF£^ ^MAI^J ^ EH Oil Al t AtntO|OiaO|]H(6)a ^ 
See( 7 )oj| gafSKX ^9^(8)UI0|| £Oi(8)M ^6H £S(loading)B ^, 15(9)§ s^lSSi 848(01 S44EH2I 4^^i! BSUOJ ^2j 
g§l ^X|A|9|^Ai 5IB H^2J 2j^^2| J! «^£IS§M 4=^oMl SO. 4>£:>r^fe 500-600 Torr^^^52f 1200*02] SE0II At lit 01 01 
6|2^B 1-3 nm/ming i^feO. 

pi^fi^ohoti 2ib ^§ ¥¥i2i s^h a« aass a^aiotoi naaaAi^m, +±/»suot a^i^ioji/d sxh 
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£ 4g AHUOICH ^IO|IH£l X-£S]§(XRD) ^aiS^SEB UEIfc«Ch »EI4J6K)i 3^ 3I0IIH 3^2] ?I«H XRD 

^'SI ^^ofS S|g2J£0il 1§2 »82| SJ^ HIBSMOI ^XHoMI 9Cf. X-£J 86! l§^(Ge)i iofOl S£| Al^i Cfg, AHIfOI 
01 2 IB SB Oil £A^b 3l^g(single crystal X-ray diffraction: XRD)OIIAife AHUOIO] ?ieoi (0006)S^ (00012)£01IA1 mmo\ gjOjyg 
tt 4* Q>afAi 9II0IIH 322 C£ Si m ^ 2JLQ. 

ui&hssj m^&m mzizm mm ^^^^ ^^ej c(ooo6)e< mm niasei si§2|e e=20.7°oii/d2i 2I3au:?is «att 4= 2i£n 

X-G £\m §^A||J 4- SAP. X-tfg 22 ^3e(Ge)0il S9AI3I AISOII ^Ahorfe X-£ SIS (double crystal x-r 
ay diffraction: DCXD) ^gl 4*«8MI 9 CI. 

£ 5£r 3S2j 0l£a3&JJK7l- ^XH6fe 3^2f 3^01 Sife 0|&*joi sj^^^oj 3|jB*£§ UEffcHCK DCXD SIS^GOIIAI ShXI^SI £ 

SI Oil CTie 322J B2jgEH9 m21o\D\ ^SH SE^SI g3^J2| *\&BD\m 8H^S 4 s SICK Si g ^ £ Oil Ai 2] SlgAlPIOil CH8 ^§ 



4^*i 1 



tf=0.9- 



0\D\mM \fe X-£2] 2iAHUS(Cu(Ka)=1.54 A)0|3, Bfe &>x| ^(Full-width at half maximum: FWHM)0ID1, C(0006)£2] mm JII3g£| 
2|£(radian)£J 9=20.7 P 0|CK 

£ 6^ Anuoioi noisi c(ooo6)s°j he*i£|oii mm dcxd ^=££M u&ya. h^oiiai ass b^s AfE^ioi 3ieoi ae^g2£ 210H 
^» ^ss UEiuife 31m m^o\D\ c(ooo6)£2j niaoii turn dcxd sis-gss 4>ss*stcK 

£ 6(a) Oil A1 301- % g£|£J g§§ 0h£! m O^gj 3SxH£IS3 2*01 AOS 8 3 £21 AI^OilAiSj 3E£0|| CfM X-fi 3J3AIPI2] U 
ElUiCN 8M^(FWHM)S B=250 arcsecM UEILHW. ^31J2J d=0.12 jura 3feCK CHfllS SE|£8 4*88 AlSfe 3S5£^ 

^HOIii^s yx|=0| mJ\mo\ 200-400 arcsec2| S^M 3>£z blU^ e 4^x1 M UEfLHDi, 0|^ §4=^ S^^JOI m 

m^s\ e^^e ^ 4^ sin, 5£oii mm o\m\ a^om 2?] (dislocation) ^s^i- ^ohse sioi^a. 

£ 6(b)^ MBI^e 4^£> Qi, #^31 2J^S blg^ 6K)1 300 TC ^SEOilAi 30 MZJ- ^2|g 4^^3r01 DCXD SJ^^^^S 5> 
x| = 0j 47 arcsec^ i,^§I & 4^ &CK Oil S S § ^ g^M §^:&1^=1:1 bl^M 6hW, 285-300 TC0HI/H 15-30^ g£E S^AI^I 

^^ai as ^2|§£g uejohsa. fwhm°i a^i^ Pi^r 30-80 arcsecsj s«2j ^xis m ^ m^m 21^21 §&2h ^oii/d 
-A t A»2|^§e 4^^mo4 ss2i i§n ^ehm 4^ aia. 

£ 6(c) M£l^e 4=^^ Cii 1,300 "COIlAi 4MZ}^21 &SL|0f/44: g&^h^ S^^IOII ^xHSIM 4^^^ A|g^ ^xl^oi B=16 arcsec 
S 0H¥ ^OfSS ^ ^ 2iO01 g§H2i ^S0| d=1.9 m ^ diXIM SS2J 3§||'£;| ^ 4^ 2ACf. AHIfOIOi ^XHai S£ 

1100-1400 °C BXm\M R^m^=?^9\ ^2 01 (phase transition)0l iJOiyCK ^xH£| S§g M£l^'g§ 01^ Oil ^USt&oQi n 01^^ g 
XH£| 01^ Oil M£I^'M ^ OHS! £0h0il 01^ 5211 ^261 £2Jo^ g>^^l CH^^I OQiSOia. ^xH£|g 1 1 00-1 400 1: B£S^ 

Oil AH 30 2¥i^£ ^ §S0l CHI HI >il ^ 4^ SE^ ( ^x| = 0| 10-20 arcsec^ 0H¥ ^OfSi ^ 4^ £[Ch 

£ 6(d)^ ^,01 tf^g^OilAH 30^^ 32 ^Ss^ ^ Si^^<yo^ a^jsoi 8.3 arcsec^ C-\m ^lOfSM ^ 4- 

a 12 ot en Miuoioi aisoii him gai^ai ^xidi §y ^xidig ^xf^o^ 3? ^xi^oi ssoia ^oiE^ ^a«oii ch«i- g^^&i ai 

OlEiM U El Hi CI. SBI^J 5§ ^Oil 0^x1^2 Qi^^jo^ 200-400 arcsecM 5>^01, ^ Xl £| M §61-01 &lx|^0| a XI 8} 31 if CH HOI , SEtl 

^xiaioii 2j6n ^§^oi %*&mm mzim ^ 



[3 1] 



Sample 


Polishing 
(CMP) 


Annealing 
1200TC/4h 


acid(l:D 
H2S04/H3P04 


F10 


335.5 


71.3 


57.24 


F5 


275.1 


67.3 


43.9 


G5 


302.7 


21.0 


11.5 


G2 


294.0 


17.3 


11.2 


G8 


271.2 


15.8 


9.4 


A1 


268.6 


13.5 


8.3 



[H2] 



C5 

Annealing 


CMP 
Polishing 


300 T;/ 
Acid(30min) 


1200t:/4h 


1300^/4^1 


1400ti/4h 


FWHM 
(arcsec) 


257.0 


34.6 


11.9 


22.0 


17.3 
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sf 4= aicK gtisi ssfe 1200 r a^oiiw uim^j as a- li^si UEtai s 4> sick 



[H 3] 



Sample 


DCXD 


AFM 


r ccii\ 

|af (JO » I' Ul 1 


FWHM 
farcsec) 


Rp-v 
(A) 


Rrms 
(A) 


Rave 
(A) 


CMP polis 
hing 


HB1 


20.468 


247 


23.8 


2.8 


1.6 


HB2 


20.875 


257 


33.9 


2.9 


2.1 


Annealing 


HB3 


19.812 


15.5 


98.1 


6.5 


3.4 


HB7 


20.312 


11.2 


166 


3.2 


2.3 


HB8 


20.606 


19.8 


79.8 


8.6 


6.2 


Acid 


HB5 


21.071 


65.7 


55.1 


8.3 


6.5 


Annealing 
/acid 


HB12 


20.355 


15.8 


20.0 


0.8 


0.5 


HB13 


20.653 


16.2 


25.0 


0.8 


0.5 


HB14 


19.907 


8.3 


9.15 


1.0 


0.7 


Shinkosha 


20.406 


13.7 


33.0 


1.3 


0.8 


Union-Carbide 


20.781 


10.1 


9.0 


2.1 


1.6 



S S2XH&I £§0j| CTiE ^§31*21 &>x!^2l AFM^Sc B^m 52££2j ^S&^IM UEUHftCh 5S5£b S§ 4^ m ^§ 

^ 3^ CHxIl^ 0 JISJ UEIUW. ^ x^l U <^xHE.|g 4^ oh 01 Sxf^f g:>HI ^ 2-101 ^xHdlM22J 522] qii e^OlU 

^XHdl §22] ^ 0 |2J BxPI- H 4- SICK ^xHdlM 4^6H0 fc+ ^, #x^|§ 42i3H= 3^ CHxHIS gfae* UEf^e » 4= & 

CI. 

£ 7£ 1331^21 52 £E2f2| ^£J£M UEiyiCh ^xl^OI 9-20 arcsecM £fe 3I0IIH2J SS^EHOil/H ^'fl55b CH^f 1 

-8 Af :nSM S 4* 9JLO. #:>|2] n& 6(d)2] C2(0006)0ll A|2| Sin ^™ M g££¥Ei &hx|=B 8 arcsecOIOI. ^§LH2] £?I^0I 01 



012IA1 p(/cm"2)b 3*1 S* 1 £01 2, «^xl (radian), b (a[1 120]=4.765 A)b £&S 2^(edge-type dislocation)^ Burgers ^EiOICK 
Q|LH£| s^i^SE^ 2^ 0.59 xl(T6/crrr2 g UEItHCI. 0|{= 52 #2] ^^^^Oil 2|» 3H 72] AFMA^OllAi UEIU^ S^SESf ^Ah^ 
e m 4* 

£ 88 AUttOIOH ^|0IIB{ 52 0il3xiei^21 AFM UEItH^o^ ^Ohth AUttOIOH }ie§ 3001C 2] KOH^ OilS^ 2^A1 0!lX|E|M(e 

tch piO^h tt4 ^2£i:D 2iCh 0I2£ ^§ SJHOil ^XH3H2 S?]g2U2)0l|/H2| S¥l^£0{l oH£Te>Ch 

52 ^xHSIOil 2|e> 5221 §QJ ^0\D\ ¥loH 2131 20^ AFEFOIOiS 0\M\B Q £r4= ^OIIAI 5inf AllSoHl S3|§0IIAf 1,500 "COil 

A1 4=AIZI D\&m ^ 285-300 ^2] ^^Bf 2^2J 1:1 g^^Oil 15-30 ^^^^^ 0.15-0.2 ^/min PfS^SOIIAI GaN ^IBOll ^ 
2H^2| A^OIOH 52# ^§ 4^ ^Cf. 

SEel gxHBIOII SIB 52 §^ »^A|3PI ?I6H ^2L|0F/4=^^^ se^0||/d 1.100-1.400 Oil AHlfOICHM 4AI2h ^§oh2 0.1 ml 

min2i ^hS^£0IIA1 M^0|O1520| JOSIH 52011 ^01 ^^|X|2 ^§^25 31 4= 2iO. 

£ 98 AWOIOH^ieiU GaN BW#g ^||20IIA12J [1120] §fJ^o^ oj A ^ a xf^K §^ofe SJ^^X^S UEfyi^o^AI MEhOIOi 

PIS ^011 GaN Sliil & v £Jeh Cf§ GaN s|Sie ^SAI^J 3^0|Ch 3tl2^2| Al-Ef 01 OH ^§^521 GaN^^SI ^§^^011 [1120] §C«^( 

zone axis)^ ejAfii ^^^2x^p^ si^^m ^^ofe sj^se UEiyia. ahuoioi ^s^x^f GaN^sso 2?az>2i z>^2 ^xf^4=^F sre 

g a 4, o^oQj, = gHAhOIOII 2* XI- ^§&0I 13.6%^ OH^ M0il£ £=?G\H »&raV^BIB UE}yCI. SEth C/A2J dl§OI 1.09^ H 

CP21 1.633SQ 0H¥ ^2. AUttOIOIWOIlH' 52 J}X]\0\\M2\ 1.58fiaSE ^OFSM ^ 4^ SACK C^ ^^^^oj ^^^4-^^ ^CH^jSS WO\m 
H A^ Sf§f2£ 31g§ m ^ Afif B2>2| 28.62°0|H B2f C2.^ 61.38°§ OlMCf. 0>afAi, A^E^0|0^520I GaN ^Sf^S^M 2 

SH A^ »»S| 2 §r§^ (tensile stress)0|| 21 » ^^(strain)OI fiB¥fl^ 61 » SH^^EHOII S1XI2 52^EH0j| &mo\D\ fflOJUMfc 8^ 

§1^4 

£ 10^ AHU0|0H9ie^ GaN^si ^j|2M0|2J 2H^Q ^S^^Oil CHe.HEM UEItd^o^ £ 9(A)^ AFEfrOKM^ie 9! Oil £§AI 

GaN SfS|2| TEMMSM 2W?Qj ( ?ll20IIA12j &m 21 §£f^ (contrast) ^¥ El e^S^fstress concentration) 2£ 2^ 5U22J ^XfSH^OI 
mO\^m % 4- £ 9( B )fe ^112011 A1 21 22 ^oHs TEM M22S¥E1 Sj§^^S2| ^^of^Q. ^A| 5il20||Ai^ 7:8 ^XFblgM 

S2^2 ^Xh^^gSM 6^ ^16^^ SOI 01, 511201 ^Mdf^M SOIfe, 4 s AIN Be' § (monolayer) M ^^6F2/H GaN 

¥?l^ =Z±*\21 poly-typismM ^^o^2Ai S^S &5rOI OI^CHXIOI, AMLf-OI OH 9|&^0IIAIE £Je> ^XhSH^OI ^OiU SS2 

^^Ei 2t 10 nm^^lS^IOilAi ^X^4^^h GaN Oil CH§6>01 2^£JOI^ee ^ 4 s 2*1 Cf. 
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oi^oiiAia iroi s ^AionoiiAife ahuoich 01 in si ji^i ssissoii/hsi ss^ai ss^goii sjoH ^sdoi mm see 

31 01 Jit l^gSI ^ois^cK 

oi2* ire gAi oiiee e pi^^i m^oiu a^ss^Ei im^e.^ oisHsicnx^Aife ofuam, oisii^ sss *jai 011 e 
a* 9 21 msi °}o\\ ^mct mot m 301 ck 

Ah^sh ^gog^s), s a^goji q>M AHUOI Oi ?II0|IH2J SW-0|3||2« £^S§0{|A-|2j 3S£i£| S§^S8 AI-EfOI Oi MEI^gS^SJ S3 Oil 

9\ ggOIIAiSI AHttO|Oi?IIOIffl2f GaNS^SI 2J £. f HfB» 2^1 3?frS ^*IISHZ2 12 £ CHI AH GaN^OI £ 

£m 4 s SiSE^ 8JS2I AHIfOICH ^lEKsubstrate)^^ E+B6I Bi0?b oK=r III 391 S&O. 



(57) gj?| 
1. 

AfEfOIOi 3IB0H CH5H SW-0|3I|S!£! ^^S§§ ^Se} ^ CHI , 

JIJieDKHI 2\m S3 £3i*:#¥*i£I 2*|£]fig£ §XH£I6>0| X||g&SWI3|3 f ISHfg 4=^/^2 L|0^ M^PIOilAi gxi£l 

EEfe 2^32^ 1^2* oiAjoj g oh =5 oil At -A.Ai2|g§e ^mo\0\ SS^EHM XU^OI 2JIJ2J S>S8^ AU^OIOi 31 0| 

IH°I 2fSf-3|3f|2« g§«ggO||/d2| 3£xH£l 

XII 1S0||Ai ^XH£|^ 4^^:>I0]|AH °jJH 4-^ 8^04 2*|^2!§ Cf§, OICHAi gf2L|0F2f &EH^ 4*SSF01 MEhOIOi 53 g§ 

?£2| ^SOPf giOiUfe 1 100-1400 1; ^SS^OilAI 1-4A|Zh gXHBI^Oj SSfA|3|£=| 6fe 51 6^ AHIhOI 

oi siioiihsi sw-oiaisi ir^saoii/Hsj s^xhei in^a. 

XII I^OilAi 6hXH£|gS0||/dS| bie^ 1M0I3, ^SSESr ^SOilAi 300*C££ BfieHM/ri 10-30 »» ^AlohOI S^SJ XH^&£*o> 

XI mm §SU°J ^^A.z|5fe 51 ^§25 6^ AHl*0|0i £11 01 Hi 2| sl«|-^|^|5j ^ajg^oH^oj H^X-idl S§g>^. 
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